Introduction: Although metastatic NSCLC is widely treated in both academic centers (ACs) and community-based centers (CCs), it is unclear whether outcomes are similar across both settings. A growing variety of chemotherapies and targeted agents for an increasingly histology-and molecularbased treatment strategy could provide an advantage to patients treated in ACs. Using the National Cancer Database, we investigated whether treatment at ACs was associated with a survival advantage in metastatic NSCLC.
Introduction
Lung cancer remains the deadliest malignancy in the United States, accounting for the largest number of cancer-related deaths 1 and with roughly half of patients with NSCLC presenting with metastatic disease. 2 Treatment for metastatic NSCLC has evolved dramatically over the past 20 years, with increased emphasis on histology-and molecularly driven treatment algorithms. The number of new treatment options that continue to increase the availability of a broader array of treatments began between 1998 and 2010 with the approval *Corresponding author.
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of cytotoxic agents such as pemetrexed [3] [4] [5] and chemotherapy doublets, as well as targeted agents against mutations in EGFR 6 and bevacizumab. 3, 7 It was in the nonsquamous subgroup in particular that we recognized that these new therapies are associated with improved outcomes. Before the introduction of these new therapies, advanced NSCLC was treated with platinum-based chemotherapy, with response rates of only about 19% and median overall survival of 7.9 months 8, 9 ; however, during our study period national-level database analyses have indicated a trend of increasing survival in advanced NSCLC. 10, 11 In sum, treatment of advanced NSCLC became more complex in two major ways. First, the histologic type of the tumor became paramount with the addition of pemetrexed in 2004 3, 4 and the realization of its differential advantage in nonsquamous NSCLC. 4, 5 Second, the introduction of targeted therapies began an era of more complex medical oncology that was dependent on the mutational profile of the tumor. 6, 12, 13 Oncologists increasingly needed to know which profiling to do and which agents were most applicable.
A growing body of literature in NSCLC has shown that treatment choices and outcomes in localized NSCLC vary between academic centers (ACs) and community-based centers (CCs). 14, [15] [16] [17] [18] [19] We hypothesized that ACs may have more availability of lung cancer-specific pathologists and availability for molecular testing to manage the growing complexity of systemic therapies for metastatic NSCLC; that this would be manifested as a growing difference in 2-year survival rates between ACs and CC; and that if survival differences exist, there could be disparities of care accounting for these differences.
Methods

Data Set and Study Population
The National Cancer Database (NCDB) was used to conduct this study. Initially established in 1989, the NCDB currently encompasses approximately 1500 treatment facilities and is estimated to capture approximately 70% of malignancies diagnosed in the United States. Data collected include patient demographics; grade, location, and stage of the relevant malignancy; timing of therapies; types of therapies (including surgery, radiation, and chemotherapy, though not the identity of specific systemic therapies administered); 30-day mortality; and time to last contact. Geographically, the contributing facilities are located in 49 of 50 states as well as in Puerto Rico. About 20% of these are ACs. 20 Our data set contained data from 1998 to 2012, allowing for 2-year survival analysis between 1998 and 2010. The NCDB has been used to study outcomes in cancer, including NSCLC. Predominantly, this includes studies of outcomes in surgery and radiation therapy, 15, 16 as well as chemotherapy in the adjuvant/neodjuvant setting. [17] [18] [19] Inclusion/Exclusion Criteria The NCDB user file included patients with NSCLC diagnosed between 1998 to 2010. This study was limited to patients with a diagnosis of stage IV NSCLC between 1998 and 2010 at a facility reporting to the NCDB throughout the study period. Patients were excluded if treatment facility type and/or duration of follow-up was missing or treatment was done entirely at another facility. Patients were also excluded if NSCLC was not their first malignancy and if they did not have a treatment decision or did not go through with the treatment prescribed by their physician (treatment was defined as chemotherapy/immunotherapy or the decision not to treat with either).
Three types of facility designations were present in the data set: community cancer program, comprehensive community cancer program, and academic/research program (AC). Per the NCDB definition, both community cancer programs and comprehensive community cancer programs provide a range of diagnostic and treatment methods and participate in or refer patients for clinical trials; the distinction between the two designations is a volume-based metric (<500 versus >500 cases/y), as a result of which our data analysis these groups were combined to form the CC designation. 21 Academic/ research programs must have more than 500 new cases per year and are associated either with a National Cancer Institute-designated comprehensive cancer center or with residencies in four areas, including internal medicine and general surgery.
The primary end point was 2-year survival, allowing us to balance the number of years analyzed in the study while at the same time capturing a large percentage of mortality. Two-year survival was defined as the time between diagnosis and last contact of 24 months or longer. In the NCDB, these data are entered by certified tumor registrars at the relevant treatment site.
Statistical Analysis
Multivariable OLS Regression Model. Comparison of the primary end point between ACs and CCs was done by using a multivariable ordinary least squares (OLS) regression model with an interaction term between facility type and year of diagnosis to allow for a continuous, time-based comparison and to help address the effect of baseline differences in the populations of patients in ACs and CCs. Control variables were year of diagnosis, type of treatment facility, age, sex, primary payer status, tumor histologic type, and the interaction term facility type by year of diagnosis. The interaction term was essential for our analysis; therefore, a linear probability model using OLS regression was favored over logistic regression to allow for generalizable interpretation of interaction coefficients.
To evaluate confounders, multivariable models were also used to test changes in several variables over time between ACs and CCs; these variables include age, sex, African American race, histologic type, treatment decision, duration of time to chemotherapy, and distance of travel for treatment (based on zip code of residence and zip code of treating hospital). Predictor variables used in each model are listed in Supplementary Table 1 . Charlson-Deyo comorbidity index was not included in the primary outcome model because it was present in the NCDB only after 2003. Presence of brain metastasis at diagnosis could not be included because it was present in the data set only in 2010 and afterward.
Determination of baseline differences between ACs and CCs for categorical variables was done with the Pearson chi-square test. Comparison of absolute difference between time points was done with either the two-sample differences in a means test or the difference in proportions test without continuity correction (owing to the size of our sample). Alpha was set to 0.001 for all comparisons because of the large sample size. All analyses were done with R software (R Foundation for Statistical Computing, Vienna, Austria). We applied for and obtained access to the 2012 NCDB participant user file with approval from our institutional review board.
Results
Description of Data Set
The final data set after satisfaction of the inclusion/ exclusion criteria included 193,279 patients (Supplementary Fig. 1 ) with clinical or pathologic stage IV NSCLC. All baseline differences between ACs and CCs were statistically significant at p < 0.001 with use of the Pearson chi-square test for all variables except age, for which the two-sample difference in means test was used (Table 1) ; OLS regression models with interaction terms (facility type Â year of diagnosis) were used to determine whether differences between ACs and CCs changed over time (see Supplementary Table 1 ). In ACs versus in CCs, the mean age was 62. We tested whether the following variables varied over time by using a multivariable model with the interaction term facility type by year of diagnosis (model descriptions are provided in Supplementary Table 1) : age (pictured in Supplemental Fig. 2A ), sex (pictured in Supplemental Fig. 2B ), percentage of patients of the African American race (pictured in Supplemental Fig.  2C ), histologic type, percentage of patients whose primary oncologist decided not to treat with chemotherapy, duration of time to chemotherapy, distance traveled from home to facility, and percentage of Medicare patients. Comorbidity data were available only after 2003, as a result of which time trends were not applicable to our study period. A significant change over time at p less than 0.001 was detected in only two variables. 
Two-Year Survival Is Higher in ACs than in CCs and Increases More Rapidly in ACs
In our data set as a whole, there was an absolute increase in 2-year survival rate of 4.7% (from 9.9% in 1998 to 14.6% in 2010 [99.9% confidence interval: 3.4%-6.0%, p < 0.001 with use of the difference in proportions test]) (Fig. 1) . Two-year survival in ACs was higher at baseline in 1998, at which time the difference was 2.3% (11.5% in ACs versus 9.2% in CCs). By 2010, the difference had increased to 4.3% (17.4% in ACs versus 13.1% in CCs). This increasing difference over time was significant in our multivariable OLS regression model: 2-year survival increased at a statistically significant rate in ACs compared with in CCs (interaction term coefficient 0.155 per year [p ¼ 0.0005, 99.9% confidence interval: 0.075%-0.0302%]). Factors associated with higher 2-year survival were female sex, later year of diagnosis, lower age, and having insurance (with the exception of Medicaid) (Fig. 2) . The association between insurance and survival was previously reported in the literature.
22-24
Comparison of Survival by Histologic Type Differences in overall survival between ACs and CCs were seen predominantly in adenocarcinoma. The 2-year survival rate for adenocarcinoma (including bronchioloalveolar carcinoma) was 10.2% in 1998 versus 17.3 in 2010, and for squamous cell carcinoma it was 9.9% in 1998 versus 10.1% in 2010 (Fig. 3A) . (Fig. 4) . Notably, histology-based differences between ACs and CCs were significant in the early and late treatment groups (log-rank test, p < 0.001 with chi-square of 139 and 3 df in the early group and p < 0.001 with chi-squre of 994 and 3 df in the late group). Within the adenocarcinoma group, there was a 1.8% per-decade increase in 2-year survival in ACs versus in CCs, with a trend toward significance (p ¼ 0.005 [ Fig. 3B] ). This trend was not present in squamous cell carcinoma (p ¼ 0.54 [ Fig. 3C ]) or NSCLC not otherwise specified (p ¼ 0.14 [ Fig. 3D] ).
Other Variables not Present in the OLS Model Did Not Confer an Advantage to ACs
Several other possible confounders were analyzed and determined not to confer a clear survival advantage to ACs over time: (1) patients whose treatment plan was to not receive chemotherapy, (2) time between diagnosis and treatment, (3) distance traveled, and (4) CharlsonDeyo comorbidity score.
All patients in the data set consisting of patients whose treatment plan was to not receive chemotherapy were prescribed a treatment plan by their oncologist. The percentages of patients with a treatment plan that did not include chemotherapy (including targeted therapies) in 1998 versus in 2010 were 3.25% versus 8.00% in CCs and 2.83% versus 6.08% in ACs. In a multivariable model (variables listed in Supplementary Table 1) , treatment at an AC was associated with a 0.17% per-year decrease in the proportion of patients not receiving treatment compared with treatment at a CC (p < 0.001 [ Supplementary Fig. 3A]) ; however this was a relatively small percentage of patients, and although interesting, it is not sufficient to contribute to the overall trend in survival in CCs versus in ACs.
With regard to the confounder time between diagnosis and treatment, in a multivariable model (see Supplementary Table 1 ), treatment at CCs was Figure 1 . Two-year survival over time in academic centers (ACs) (red), community-based centers (CCs) (blue), and the overall sample (green). Although there is a general trend of increased 2-year survival over the study period, that trend is particularly apparent in ACs.
consistently associated with shorter time between diagnosis and treatment without a significant change in the difference between ACs and CCs (p ¼ 0.082 [ Supplementary Fig. 3B] ). The distance traveled to receive treatment (our third possible confounder) did not change significantly between ACs and CCs in a multivariable model (p ¼ 0.25 [ Supplementary Fig. 3C]) .
Notably, with regard to the fourth confounder, namely, Charlson-Deyo comorbidity score, comorbidity data were present in the data set only after 2003. After restricting the data set to patients with comorbidity score present, we ran our multivariable model in each comorbidity strata (0, 1, and !2) and found no statistically significant differences for our interaction term, providing no clear sign that comorbidity score would change the results of our model in the overall sample. We also repeated our multivariable study model after excluding patients with a comorbidity score of 2 or higher, after which the interaction term was still significant (0.0155 [p ¼ 0.00078]).
Discussion
We chose to use the NCDB in this study because it encompasses a large breadth of cases with some, though limited, treatment details, while also maintaining hospital identifiers that allowed both a constant sample of hospitals throughout our study and the comparison of ACs versus CCs. 25 We observed that patients with metastatic NSCLC treated at ACs and CCs had improving survival from 1998 to 2010 and that this improvement in outcomes occurred to a greater extent in patients treated in academic medical centers. This survival advantage was predominantly seen in patients with the adenocarcinoma histologic type compared with other histologic types. Because of the asymmetric increase in treatment options for adenocarcinoma and in the absence of data for specific systemic agents in the NCDB, this histology-based difference was consistent with our hypothesis that treatment within ACs has conferred a survival advantage for patients with NSCLC after the introduction of novel targeted therapies that require a molecularly driven, histologically specific approach. To our knowledge, ours is the first analysis comparing outcomes between ACs and CCs broadly across metastatic NSCLC by using a multivariable model to control for confounding factors. 26 Other groups have studied SCLC survival and shown positive trends over time. One group used the Surveillance, Epidemiology, and End Results database to show increasing overall survival in metastatic NSCLC between 1990 and 2005 and also noted the beginnings of a survival advantage in adenocarcinoma over squamous cell carcinoma at their later time point. 10 Other groups have shown increasing survival in all stages of NSCLC over time across periods spanning the 1980s to the 2000s 11, 27 ; however, these studies were limited by their lack of multivariable analyses to control for confounding factors that could have changed over time. These studies also did not conduct analyses based on type of treatment facility, which have largely been limited in the literature to analyses of practice patterns 14, [17] [18] [19] 28 and outcomes in focused subgroups of care 16, 17, 19, 29 rather than across an entire category of NSCLC as we have done in this study.
Our findings of improved survival in stage IV NSCLC are consistent with the literature. 10, 11, 27 Our study design offers several advantages compared with that in prior studies. Morgensztern et al. 10 uses a multivariate analysis of survival curves with selection of predictors similar to ours; however, their study did not allow for control of stage migration; by comparing ACs with CCs, our study offers an internal control for these effects and also carries the analysis 5 years further. Furthermore, prior data in the NCDB literature has shown a similar increase in stage IV NSCLC diagnoses between 1998 and 2006 across treatment facility type (from 36% to 41.5% and from 34.3% to 39.3% in each of the CC groups and from 34.4% to 38.3% in the AC group), 30 making stage migration an unlikely confounder in a comparison between ACs and CCs. Our multivariable analysis was also able to control for confounders for which two other groups 11, 27 did not control across time. We have further developed and confirmed a survival advantage arising in adenocarcinoma over time and shown a trend toward significance in treatment of adenocarcinoma at ACs versus at CCs. More generally, whereas other studies have highlighted differences between ACs and CCs, 14, [16] [17] [18] [19] 28, 29 ours is the first to do so across metastatic NSCLC rather than in subgroups of lower-stage malignancy.
Quality control was central to our analysis. In our analysis model, we controlled for potential confounding factors that were different between ACs and CCs, including age and female sex, which is associated with a higher prevalence of EGFR mutations. 31 Other variables not included in our model also did not change in a way that would confer a survival advantage to ACs, namely, African American race ( Supplementary Fig. 2C ), time between diagnosis and the start of chemotherapy (see Supplementary Fig. 3B ), and distance traveled to receive care (see Supplementary Fig. 3C ). African American patients have been shown in the literature to have decreased survival outcomes compared with white and Hispanic populations, 32, 33 and the percentage of African American patients actually increased in ACs over time; furthermore, repeating our 2-year survival model in the African American subpopulation did not show a significant change over time. There was an increasing percentage of patients in CCs versus in ACs who had a treatment decision to not treat with systemic therapy, but the absolute percentage difference was negligible, encompassing only 2% of the sample in 2010 (see Supplementary Fig. 3A ). Although we could not control for comorbidity score, as this was not recorded in the NCDB until 2003, we did show that when we partitioned post-2003 data by comorbidity score (0, 1, and 2þ), there was no statistically significant difference between ACs and CCs in any strata, and when we removed patients with a comorbidity score of 2 or higher, our multivariable model of 2-year survival maintained significance for our interaction term, indicating that comorbidity score is less likely to be confounding our results.
Limitations
Unobserved confounders may bias study results; however, we attempted to mitigate the effect of unmeasured confounders by structuring our analysis as a comparison between ACs and CCs by year over time rather than by an overall comparison in the entire database. Although a stronger trend in adenocarcinoma supports the idea of treatment-related effect, the lack of data regarding specific agents used in treatment (especially in the first line), and the lack of data regarding molecular testing and extent/site of metastatic disease limit the implications of this study. It is possible that there were differences in the percentage of patients treated in ACs with actionable mutations, artificially inflating survival; though mutational status is not recorded in the NCDB, one surrogate (age) did not change significantly between ACs and CCs ( Supplementary Fig. 2A ).
Conclusion and Further Directions
Within the aforementioned limitations, in this study we have shown an increasing survival difference in metastatic NSCLC between ACs and CCs in the period from 1998 to 2010, during which time there was an increase in both the number of chemotherapy agents approved and complexity of treatment in terms of histologic type and molecular-based treatment strategies. With the more recent introduction of additional targeted agents and immunotherapy, additional study is needed to determine whether this trend has continued. To reduce the disparity in patient outcomes, strategies to accelerate these advances in CCs may be needed.
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Note: To access the supplementary material accompanying this article, visit the online version of the Journal of Figure 4 . Survival data for early and late periods in the study, by facility and histologic type: adenocarcinoma (including bronchioloalveolar carcinoma) versus nonadenocarcinoma (including large cell, NSCLC not otherwise specified, squamous cell carcinoma, and other). Red lines indicate nonadenocarcinoma at community-based centers, green lines indicate nonadenocarcinoma at community-based centers, blue lines indicate nonadenocarcinoma at academic centers, and purple lines indicate adenocarcinoma at academic centers. (A) In the group of patients whose cancer was diagnosed between 1998 and 2000, there is a statistically significant difference between the four groups (log-rank test, p < 0.001), but clinically there is not a clear benefit over 60 months. (B) In the group of patients whose cancer was diagnosed between 2008 and 2010, survival of adenocarcinoma in academic centers consistently outpaces that in the other groups over 60 months (log-rank test, p < 0.001).
